to diagnose. It is estimated that around 50% of cases of sepsis based on coding are not correctly classified in the USA [4] . There is no one specific test to diagnose sepsis, and a number of different screening tools and biomarkers have been used. Traditional individual markers of sepsis, such as the total white cell count, neutrophil count, and C-reactive protein, lack the specificity to allow them to discriminate between those patients with an inflammatory response to trauma or surgery, for example, and those with an infection. In this sense, procalcitonin has shown to have the best accuracy to identify patients with invasive bacterial infections.
Despite many clinical trials, and the advent of modern intensive care, the mortality of severe sepsis and septic shock continues to be high. Good evidence of a mortality benefit in the early treatment of septic shock exists for two interventions: early goal-directed therapy and appropriate antibiotic therapy.
ANTIMICROBIAL STEWARDSHIP IN SEPSIS
The goals of antimicrobial stewardship (AS) are to achieve optimum clinical outcomes and to ensure cost effectiveness and minimum unintended consequences, including toxic effects, selection of pathogenic organisms, and resistance. However, sepsis represents a unique clinical dilemma with regard to AS. The concept AS is often considered to only include efforts to reduce or restrict use of expensive and broad-spectrum antimicrobials. The real exertion of and AS program should be on getting the right antimicrobial in the right dose to the right patient for the right amount of time [5] (figure  1) . So, AS should pursue to achieve optimal clinical outcomes and to diminish drug related toxicity and other adverse events, with the minimum health-care related costs [6] .
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INTRODUCTION TO SEPSIS
Sepsis, defined as life-threatening organ dysfunction caused by a dysregulated host response to infection, is the major cause of mortality from any infectious disease worldwide [1] . The actual epidemiology of sepsis is currently unknown and extremely variable, since it depends on what we are analyzing, from incidence or prevalence to mortality [2] . Several factors influence, such as poorly classified records of different infectious pathologies and the concept of sepsis in a specific way, poorly or not designed for this purpose, or little information at a global and specific level [3] .
A clinical syndrome that is this hard to define, is difficult Stewardship in sepsis 1 Infectious Diseases Division and Clinical Microbiology. Clínica Universidad de Navarra, Spain 2 IdiSNA, Instituto de Investigación Sanitaria de Navarra. Pamplona. Spain delay the introduction of an adequate antimicrobial therapy [10] It is much more interesting to have an etiological diagnosis of sepsis from the patient´s direct blood rather than from positive blood cultures after blood incubation. The fastest strategy to identify microorganisms is by direct detection of DNA from blood, as this avoids the enrichment step in blood cultures. The turn-around time of these tests performed directly on blood samples ranges from 3 to 12 hours [1] . A pitfall of rapid molecular-based diagnostic tests for bacterial pathogens is that most of them usually provide little information on antimicrobial susceptibility.
The use of automated electronic sepsis alert system to improve sepsis management represents an area of active research. The widespread introduction of rapid response systems has led to the early identification and the initiation of early intervention to patients within the hospital system [11] . Although it is unlikely that computer programs would be able to tailor therapy in individual patients solely based on software, these programs could be used intelligently to identify key areas that need improvement.
TREATMENT OF SEPSIS AND ANTIMICROBIAL STEWARDSHIP
Timely administration of active antimicrobials has been a keystone of sepsis management even before it was included in the original Surviving Sepsis Campaign (SSC) guidelines [2] . The SSC Guidelines and clinical pathways are now available for several common infections, but the impact of the guidelines on prescribing is difficult to measure accurately. Guidelines recommend that empiric antimicrobial therapy should be based on likely pathogen and local/hospital resistance patterns. However, it is important to note that hospital antibiograms generated from inpatient may not mirror the septic population. Guideline uptake is more likely to be successful if they are tailored to match the local susceptibility patterns, and physicians are more likely to have confidence in guidelines if they are aware of the susceptibility patterns [12] . It is recommended that local susceptibility data should be updated at least annually.
Given the impact of early and broad-spectrum empirical therapy in several studies and the emphasis on this in international guidelines, there is a low threshold for initiating antibiotics in many patients with suspected infection. This has led to the widespread use of antibiotics in critically ill patients, which is often unnecessary or inappropriate. Enforcement of this concept in sepsis would be to cover all potential involved pathogens with the adequate antimicrobials since the first second. De-escalation will take place days later after the patient has been stabilized or when microbiological results (i.e., pathogen identification and definite antibiogram) are available. One area in which AS Programs need to focus on is de-escalation. De-escalation has been generally used in the context of narrowing therapy from broad-spectrum empirical to a nar-perspective [7] . We have to face several challenges. First, the diagnosis of severe sepsis may be delayed because of physicians or nurses may not identify the progression of sepsis and/or because some patients (e.j., hospitalized, immunosupressed,…) may not show obvious systemic manifestations of the process. Second, patients may have differences in the timing of their presentation and concurrent conditions confounding the diagnosis. Third, treatment may be delayed once the diagnosis is made [3] . An important epidemiological data is to know the origin of sepsis, which it is community in most cases, around 60-70% of whole cases, followed by hospital-acquired outside ICU in 20-30%, while cases of in ICU origin were the least frequent, around 5-9% [3] 
MICROBIOLOGICAL DIAGNOSIS OF SEPSIS AND ANTIMICROBIAL STEWARDSHIP
Although approximately 40% of patients with sepsis are culture-negative, identification of a causative organism is essential to de-escalate antibiotics. A rapid response from the microbiology laboratory is a hallmark in hospital settings as in general terms close to 70% of the clinical decisions for the patient's management are based on laboratory results [8] . The first 3-6 hours after the clinical suspicion are critical to establish therapeutic measures that improve prognosis, therefore, a microbial diagnosis in less than 6 hours would undoubtedly benefit the optimal management of patients.
Despite no direct evidence that culture, especially blood culture, is beneficial for patients, indirect evidence supports this approach: de-escalation of antibiotic therapy and switching from intravenous to oral therapy had positive effects on clinical outcomes, adverse events, and costs. Blood cultures, aiming to detect viable microorganisms in blood, are still considered to be the reference standard for the microbiological diagnosis of bloodstream infections during sepsis [9] . However, this culture-based method suffers from important limitations, such as false-negative results because of ongoing antimicrobial therapy, and long time to positivity (usually from 12 hours to 72 hours). In of 50% of cases, bloodstream infections yielded a negative blood culture, and in sepsis even a higher number of blood cultures occur with negative results, which can
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When can we do stewardship in sepsis?
barrier toward successful implementation of AS Programs [15] The crucial component of payment for physician time would need to be balanced with the cost savings expected as a result row-spectrum pathogen-directed cover based upon laboratory results (i.e. drug de-escalation). Conceptually, reducing the dose (dose de-escalation), reducing the frequency (frequency de-escalation), switching from parenteral to oral therapy (route de-escalation), or switching from combination therapy to monotherapy are also examples of therapeutic streamlining that help reduce the consumption of antibiotics. [13] This needs systematic education, better diagnostic facilities, clinical microbiologist input, and pharmacy support.
Use of empirical therapy according to guidelines, de-escalation of therapy, switch from intravenous to oral therapy, therapeutic drug monitoring, use of a list of restricted antibiotics, and bedside consultation (especially for Staphylococcus aureus bloodstream infection) can lead to signifi cant benefi ts for clinical outcomes, adverse events, and costs, although the quality of evidence is generally low [14] .
Antibiotic resistance is a well recognized problem facing modern medicine and it is undeniable that in the last few years, levels of resistance have reached a tipping point. AS is now recognized as a formal strategy for curbing the upward trend in antibiotic resistance. Overuse and/or misuse of antimicrobials may result in selection of multidrug-resistant organisms, high rates of Clostridium difficile infections and adverse effects. Restrictive antibiotic policies have been associated with reduced resistance rates in most of the studies we assessed, but inconsistent relations between antibiotic use and resistance rates have been also found [14] . In several studies, increased prescriptions of non-restricted antibiotics were accompanied by concomitant increases in resistance rates.
WHAT ARE THE OBSTACLES THAT PREVENT GOOD STEWARDSHIP PROGRAMS?
The key areas that inform the AS Programs include patterns of prescribing, levels of antimicrobial resistance in a given setting, prescriber education, systematic collection of data in relation to prescribing, and a reliable measure of output. As opposed to structural and operational issues, use of education as an intervention is generally viewed as a medium to longterm strategy that underpins the AS Programs. But educational interventions can also be employed as an immediate tool with defined objectives such as steering the prescribing pattern in order to improve guidelines compliance as discussed above.
It is, thus, imperative to recognize that although the strategic tools can work at a macro level, clinician involvement is the key to successful implementation. The strategists need better clinical support, whereas the clinicians need better facilities in order to change their established practice. Infectious diseases physicians or clinical microbiologists are ideally and traditionally suited for such roles, and for successful implementation of AS Programs it would be vital to formally recognize their effort. This could include time allotment for such activities and also providing opportunity for gaining the Continuing Professional Development points for meetings. Lack of funding and personnel was described recently as a major of the AS Programs, and setting clear objectives would help achieve the goal. Rotating membership of AS Programs among colleagues in specialties other than infectious diseases and microbiology would make them feel involved in the strategic process.
Care bundles make it easier to implement the individual components by highlighting them under one goal and make it easier to measure the completeness of a given healthcare strategy. Such strategies have been documented to be successful because when these components are delivered together, their impact is more than when delivered individually (figures 2, 3 and 4 ).
CONCLUSIONS
The challenge for critical care physicians is thus to correctly diagnose sepsis and improve outcome while reducing antibiotic use. This can be done by adhering to local guidelines for empirical therapy, better risk for multidrug resistance assessment, optimized antibiotic dosing, and integration of rapid diagnostic techniques in the decision-making process.
It is recommended that hospitals implement an AS program to optimize use of antimicrobial agents, decrease antimicrobial resistance, and decrease rates of Clostridium difficile infection. there is clearly a need for more randomised multihospital trials to test the effectiveness of interventions on achieving stewardship outcomes and the subsequent effects on meaningful clinical outcomes. Specifically, robust demonstration of direct clinical benefits to individual patients would counteract the view of some health-care providers that stewardship interventions are designed for overall societal benefit, for example by reducing population-level rates of antimicrobial resistance or Clostridium difficile infection.
Integrating AS strategies in clinical practice can help upholding the best antibiotic empirical therapy while reducing antibiotic consumption. AS is a multidisciplinary policy and should be embraced by critical care physicians as a solution for balanced antibiotic use. The most effective AS intervention for sepsis will likely include a bundle composed of traditional quality improvement strategies (eg., education, audit, and feedback) combined with rapid diagnostic tests and adequate biomarkers.
QUESTIONS TO REFLECT
1. Are the goals of integrating antibiotic stewardship with the rapid treatment of severe sepsis mutually exclusive?
2. How can we balance rapid antimicrobial choices to select the best antibiotic while protecting members of the community from the further development of antimicrobial resistance 3. What are the practical benefits of a robust antibiotic stewardship program? 4. What are the obstacles that prevent good stewardship programs?
